The present investigation aimed to study the genetic diversity among some genotypes of rice in two rice successive seasons 2014 and 2015 at the experimental farm of Sakha research station. Thus, genotypic coefficient of variance (GCV), phenotypic coefficient of variance (PCV), heritability in broad sense (h 2 ) and genetic advance (GA) were determined for all the studied traits. In addition, the nature and magnitude of genetic divergence estimated in 24 rice genotypes using Mahalanobis D 2 -statistics by considering 17 quantitative traits. High estimates of GCV and PCV were recorded for panicle excretion%, gelatinization temperature, grain elongation% and amylose content%. Heritability in broad sense was high for all characters under study. High heritability coupled with high genetic advance were recorded for number of filled grains/panicle and plant height traits. Based on genetic distance, the 24 studied genotypes were grouped into 11 clusters. Cluster III was the largest and consisted of five genotypes, followed by cluster X with four genotypes, while clusters VI and XI contained two genotypes for each one. However, clusters I, V, VII, VIII and IX included one genotypes for each one. The highest inter clusters distance (102.605) was between cluster V and XI while, the lowest one was found between cluster II and X (22.017). Principal component analysis revealed that seven quantitative traits (grain length, grain shape, plant height, amylose content%, 1000-grain weight, number of panicles/plant and panicle length) were significantly influenced the variation in these genotypes. Therefore, the present investigation determined the genetic variability in some genotypes that could be used to improve the rice breeding programme with respect studied traits.
INTRODUCTION
Rice is a major food crop, and it comes after wheat among all the cultivated cereals (Abodolereza and Racionzer 2009) . To meet the constantly extension requires of varietal developments, the assessment and characterization of all the present germplasm are required. Genetic improvement essentially depends on the amount of presence for genetic variability in the studied population (Adebisi et al., 2001) .
The evaluation of genetic diversity among the different genotypes is the first and initial process in any plant breeding programme. Genetic divergence is the useful tool for an efficient choice of parental lines for crossing to improve high yield potential varieties. A detailed understanding about the extent structure of genetic diversity in different cultivars of the same type is important for the development of appropriate and efficient strategies for collection, conservation, and preservation of cultivar relatives (Ogunbayo et al., 2005) .
The genetic development of any plant is highly dependent on the amount of several genetic parameters, such as, genotypic and phenotypic variances, genotypic and phenotypic coefficient of variation (GCV and PCV), broad sense heritability and genetic advance on which the breeding methods are used for its further amendment. The magnitude of variability is determined by genotypic and phenotypic coefficient of variances which help the botanical descriptors by knowledge about proportional amount of variability in different traits (Chakravorty et al., 2013) .
With the improvement of advanced biometric techniques like multivariate analysis depend on Mahalanobis Statistic, estimate of amount of variation in the population and determining of related contribution of different components to the total divergence intra and inter cluster levels have now become available. The use of Mahalanobis D 2 statistic for determining genetic divergence has been proved by Eswaran (2012) and Ovung et al., (2012) .
To have convenient characterization and assessment of the rice genotypes, the above mentions are found to be good for utilization of the traits and such kind of these genotypes in breeding program for the future. So, this study aimed to evaluate 24 rice genotypes to assess the nature and magnitude of genetic diversity among the genotypes for further utilization in rice breeding programmes.
MATERIALS AND METHODS

Plant materials:
The present study comprised 24 genotypes of tropical japonica rice, collected from the Genetic Stock of Rice Research and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt. The origin of these genotypes as presented in Table 1 .
Methods:
This investigation was conducted at the experimental farm of Sakha research station during two successive rice growing seasons of 2014 and 2015. The experiment was designed in a Randomized Complete Block Design with three replications, the date of sowing was May first, and the seedlings were transplanted after 30 days old. All agricultural practices were applied according to the procedures recommended for rice crop in Research and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt. Each plot contained 4 rows; the seedlings were planted at spacing of 20 x 20 cm row to row and plant to plant. Ten competitive random plants from the middle rows of the experimental plots were taken for recording the data on the following traits: days to 50% heading, plant height (cm), panicle exsertion (%), panicle length (cm), number of panicles/plant, No. of filled grains/panicle, 1000-grain weight (g), grain yield/plant(g), spikelets fertility (%), hulling (%), milling (%), head rice (%), grain length (mm), grain shape (L/W ratio), grain elongation (%) amylose content (%) and Gelatinization temperature. 
Statistical analysis:
The obtained data were subjected to statistical analyses using SPSS (version 13.0) software. Subsequently, the genotypic and phenotypic coefficients of variation were measured using the formulae suggested by Burton (1952) . Broad sense heritability was calculated as outlined by Hanson et al., (1956) . Genetic advance was estimated by the method suggested by Johnson et al., (1955) . Genetic diversity was estimated following the Mohalanobis's distance (D2) method according to Rao (1952) . Clustering of genotypes was measured according to Tocher's Method (Rao, 1952) and principle component analysis studied according to Jager et al., (1983) .
RESULTS AND DISCUSSION
Analysis of variance
Significant differences were exhibited among the 24 rice genotypes for the studied traits as shown in Table 2 . Data illustrate the presence of high amount of genetic variability among these genotypes.
Genetic Parameters
Considerable improvement and success breeding programs for any crop largely depends on the amount of genetic variability among genotypes, which selected for further manipulation to achieve the breeding target. A survey of genetic variability with the help of suitable parameters such as genotypic (σ A wide range of variations in seventeen studied traits were observed among 24 rice genotypes with respect to vegetative, yield and its components and grain quality traits (Table 3) . Table 3 presents estimates of genotypic (σ 2 g) and phenotypic (σ 2 p) variance, genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (h 2 b.s ) in broad sense and genetic advance (GA) over two years combined data. Expectedly, phenotypic variance was generally higher than the genotypic variance in all the studied traits. High genotypic and phenotypic variances were observed in plant height (278.43 and 279.19), respectively. The highest estimated values of genotypic (GCV) and phenotypic coefficients of variation (PCV) were recorded for panicle exsertion%, followed by plant height, panicle length, and days to 50% heading, with estimated values of (88.79 and 89.17), (16.57 and 16.59), (8.20 and 8.88 ) and (6.05 and 6.10), respectively. Moreover, the phenotypic coefficient of variation (PCV) was close to genotypic coefficient of variation (GCV) for all studied vegetative traits. Furthermore, high estimates of broad sense heritability (h 2 b.s ) were exhibited for all vegetative traits; it was ranged from 85.17% for panicle length to 99.73% for plant height. These findings indicated to the studied vegetative traits mainly controlled by genetic factors. Thus, the simple selection methods could be efficient in order to improving these traits. These results in conformity with findings by Cruz et al., (2008 ), Mamunur Rahman et al. (2012 , Dutta et al. (2013) , Vanisree et al. (2013) and Dhurai et al. (2014) .
Vegetative traits
In addition, the results revealed that the genetic advance was high for plant height (34.33) followed by panicle exsertion% (15.91) and days to 50% heading (13.27), while, the lowest value was detected for panicle length (3.82). The genetic advance is an efficient evidence of the progress that predicted as result of choice the related population. Heritability in conjunction with genetic advance would give a more reliable index of better selection, high heritability compared with high genetic advance were recorded for plant height, panicle exsertion% and days to 50% heading, suggesting the effectiveness of selection in early generation to improve these vegetative traits. These results are in agrement with that recorded earlier by Hasan et al. (2013) and Shahriar et al. (2014) .
Yield and its component traits
The results shown in Table 3 demonstrated that the phenotypic variance was higher than genotypic variance in all studied traits and the highest value was recorded in number of filled grains/panicle (687.80 and 631.20), respectively. Estimates of phenotypic coefficient of variability (PCV %) was higher than genotypic coefficient of variability (GCV %) for yield and its components, which indicates the apparent variation not only cause to genotypes but also cause to the environment's influence. The highest genotypic coefficient of variation (GCV %) estimates was found in number of filled grains/panicle (14.75), grain yield/plant (12.44), 1000-grain weight (11.48), and number of panicles per plant (10.02). On the contrary, the lowest estimated value of genotypic coefficient of variability (GCV) was determined for spikelet fertility%. Close values for the variation of genotypic and phenotypic coefficients indicated to insignificant effect of environment in the explanation of these traits and the selection in early generation which played an important role for improvement of these traits. These results are in agreement with the earlier results by Hossain et al. (2015) and Vanisree et al. (2013) . These results confirmed by the estimates of heritability for yield and its components, which ranged from 85.96% for number of panicles per plant to 97.25 % for grain yield per plant. However, high estimates of broad sense heritability (h 2 b.s ) also recorded for spikelets fertility% (96.79), 1000-grain weight (95.74) and number of filled grains per panicle (91.77). In addition, high estimates of heritability coupled with moderate and/or high estimates of genetic advance for most of studied yield and its components. This suggested that the lead of both additive and non-additive gene actions in its inheritance, indicating again that the selection in early generation could be played an important role in improving number of these traits. These findings were in agreement with that recorded previously by Prajapati et al. (2011) , Hasan et al. (2013) and Singh et al. (2013) .
Grain quality traits
In general, the results presented in Table 3 concerning grain quality traits exhibited that phenotypic variance was higher than genotypic variance in all studied traits and the highest value was observed in grain elongation% (88.95 and 90.02), respectively. The phenotypic (PCV) and genotypic coefficients of variation (GCV) estimates were close in magnitudes. The highest estimated values of phenotypic (PCV) and genotypic coefficients of variation (GCV) were detected for gelatinization temperature followed by grain elongation% with estimated values (29.03 and 29.13) and (25.67 and 25.82), respectively. On the contrary, the lowest estimated values were recorded for hulling%, milling% and grain length and their estimated values were ranged between 3.49 and 3.64 for hulling%, 9.12 and 9.17 for grain length, respectively. The traits with high estimates of PCV and GCV were influenced mainly by additive and non-additive gene actions, while, traits that affected by low PCV and GCV were high influenced by environmental factors in addition to genetic factors. While, moderate GCV and PCV were recorded for amylose content (19.41% and 19.44%) and grain shape (11.13% and 11.21%), respectively. This illustrates the presence of comparatively moderate variation for these traits that could be utilized for development through selection in advanced generations. The same results were illustrated previously by Umadevi et al. (2010) , Subbaiah et al. (2011) and Gangashetty et al. (2013) . High estimates of broad sense heritability (h 2 b.s ) values were found for all grain quality traits. These values were ranged from 92.02% for hulling% to 99.70% for amylose content%. Regarding genetic advance, different estimated values were observed, it was low for grain shape (0.44), grain length (1.05), gelatinization temperature (3.30), hulling % (5.42), milling% (5.66) and amylose content % (7.37). Moreover, moderate estimated values of genetic advance were observed for head rice % (11.45). On the other side, such estimates were high for grain elongation% (19.31). High estimated values of heritability in related to moderate genetic advance were recorded for grain elongation% and head rice% proposed the lead of both additive and non-additive gene actions in its inheritance, hence adoption of breeding methods which could exploit both the gene actions would be a prospective approach. High heritability coupled with low genetic advance was recorded for grain shape, grain length, gelatinization temperature, hulling%, milling% and amylose content%, which indicated limited scope for selection. These results are in harmony with thus findings earlier by Chakraborty et al., (2009 and and Nirmaladevi et al., (2015) .
Genotypic and phenotypic correlation
The efficiency of selection for yield mainly based on direction and magnitude of relatedness between yield and its components, as well as, among yield component traits. However, the correlation analysis provides useful information on the type and magnitude of relatedness of different components with grain yield in addition to the nature of interrelation ships among the component traits themselves (Vanisree et al., 2013) . Therefore, the covariance analysis was made between all pairs of studied the yield and yield component traits, subsequently the correlation values were determined for each pair of traits with respect to each rice group under study.
Obviously, results in Table 4 , demonstrated that both genotypic and phenotypic correlation coefficients were significant or highly significant in positive direction between grain yield/plant and each of panicle length, number of panicles/plant, number of filled grains/panicle, 1000-grain weight and fertility%, these results illustrated that the selection of these traits will be important in improving the grain yield in these rice genotypes. On the other hand, it was non-significant positively correlated with each of days to 50% heading, panicle length, panicle exsertion%, hulling%, milling%, head rice%, grain length, grain shape, grain elongation%, amylose content% and gelatinization temperature. This finding implied that selection for these traits not effective in improving grain yield in these rice genotypes.
The genotypic and phenotypic correlation coefficients found to be significant in positive direction between days to 50% heading and number of filled grains /panicle. In addition, significant negative estimates of genotypic correlation coefficients observed between plant height and number of panicles/plant. Moreover, it was significant or highly significant phenotypically associated with panicle exsertion%, panicle length, grain length, grain shape, grain elongation% and amylose content% in positive direction. High and highly significant positive estimates of genotypic and phenotypic correlation coefficients were observed between panicle exsertion% and each of panicle length, number of filled grains/ panicle, fertility% and gelatinization temperature traits, respectively. Furthermore, highly significant positive estimates of genotypic and phenotypic correlation coefficients were exhibited between panicle length and number of filled grains/panicle, with coefficient values of 0.620 and 0.599 for genotypic and phenotypic correlation coefficients, respectively.
It is clear that the number of panicles/plant was negatively either significant or highly significant with 1000-grain weight (-0.527 and -0.513), grain length (-0.497 and -0.481) and amylose content% (-0.541and -0.525) for genotypic and phenotypic correlation coefficients, respectively. Significant and positive estimates of genotypic and phenotypic correlation coefficient were observed between number of filled grains/panicle and fertility% with genotypic and phenotypic coefficients values; 0.419 and 0.425, respectively.
Clearly, 1000-grain weight was positively and highly significant or significantly associated with grain length and grain shape. Apparently, genotypic correlation coefficients were significant in positive direction between fertility% and grain length and amylose content% traits. On the other side, it was negatively and highly significant correlated with gelatinization temperature, their genotypic and phenotypic correlation coefficient was -0.588 and -0.578, respectively.
Manifestly, hulling% was positively and highly significantly associated with milling%. Moreover, milling % was strongly correlated with head rice% and amylose content% with respect to genotypic and phenotypic correlation coefficients. In addition, estimates of phenotypic and genotypic correlation coefficients were positive highly significant between grain length and each of grain shape and amylose content%, respectively. While, grain shape was high positive significant associated with amylose content%.
Furthermore, the results cleared that the genotypic correlation coefficient was close or little higher than the related values of phenotypic correlation coefficient for most trait pairs of the rice genotypes. This indicated that these traits were mainly controlled by genetic factors, while the environmental factors play minor role in the explanation of these traits. Similar results were recorded previously by Cruz et al. (2008) , Hairmansis et al., (2010) , Abarshahr et al., (2011 ), Sohrabi et al., (2012 , Vanisree et al., (2013) and Premkumar et al., (2016) .
Cluster analysis
Cluster analysis depend on 17 traits was conducted using Ward method using Euclidian distance as shown in Figure 1 . If the same cutting is done on the distance seven, the 24 rice genotypes were divided into 11 major clusters. 
Distribution of genotypes
The results shown in Table 5 indicated that 24 rice genotypes were distributed to 11 clusters including different number of genotypes. Cluster III contained the highest number of genotypes (five genotypes) while, cluster X, cluster II, cluster IV, cluster VI and cluster XI contained 4, 3, 3, 2 and 2 genotypes, respectively. The lowest clusters were I, V, VII, VIII and IX that included the same number of genotype only one for each one (Eswaran 2012 and Ovung et al., 2012) . Intra and inter cluster analysis Intra and inter clusters distance of 24 genotypes of rice are presented in Table 6 . The highest intra clusters distance were recorded for cluster III (13.268), while the intra clusters distance were disappeared within the clusters I, V, VII, VIII and IX (zero distance) cause each cluster contain only one genotype. In respect of inter clusters distance, the lowest was found between cluster II and X (22.017) while, the highest distance was found between cluster V and IX (102.605). On the other hand, the genotypes grouped into the same cluster, as well as, the lowest values of inter cluster distance indicating a close relationship between them and exhibited the lowest divergence's degree from one another. Therefore, the hybridization made between genotypes belonging to the same cluster or between genotypes of closed related clusters; no transgressive segregants are predicted from these combinations. In addition, the highest values inter cluster distance suggesting the maximum variability among them. Thus, hybridization programmes could be designed in such a way that the parental genotypes relating to different clusters with high amount of divergence could be used to get appropriate transgressive segregants. These results are in agreement with those obtained by Chaturvedi and Maurya (2005) , Yadav et al., (2011 ), Eswaran (2012 and Kumar et al., (2013) . So, it is proposed that hybridization should be attempted between the genotypes relating to cluster separated by large inter cluster distances. 
Principal component analysis
Principal component analysis (PCA) explained the genetic diversity of the different genotypes of rice. PCA measure the importance and contribution of each component to total variance. Also, it could be used for measurement of independent impact of a particular trait to the total variance. Whereas, each coefficient of proper vectors indicates the degree of contribution of every original variable with each principal component is associated. Therefore, PCA help researchers to distinguish significant relationship among the traits. The eigenvalues are often used to determine how many factors involved in the present variation.
The results presented in Table 7 revealed that, the traits are associated, so to understand their distinct impact, principal component analysis was studied. The first five components in PCA analysis with eigenvalues >1, which contributed 76.376% of the variation for the 24 rice genotypes were estimated for 17 agro-morphological traits. The other PCs (6-17) had values less than one. The first PC, with eigenvalue of 4.753, contributed 27.959% of the total variation, while the second PC with eigenvalue of 2.579 accounted for 15.173% of total variation for 24 genotypes of rice. PC3 had eigenvalues of 2.026 and contributed 11.916% for total variation. PC4 and PC5 had eigenvalues of 1.904 and 1.722, respectively and contributed 11.20% and 10.129% for the total variability.
The first principal component accounted for more than 27% of the total variance. The variables that had moderately to highly values and positively correlated were grain length with loading of 0.910, grain shape (0.828), plant height (0.811), amylose content% (0.747), 1000-grain weight (0.633) and panicle length (0.521).
First component identified number of panicles/plant that presenting negative contributions. As a result, the first component differentiated those accessions that had grain length, grain shape, plant height, amylose content%, 1000-grain weight, panicle length variation and low number of panicles/plant. The second principal component PC2 accounted for more than 15% variation and was associated with spikelets fertility% (-0.709), panicle exertion% (0.695), gelatinization temperature (0.657) and panicle length (0.556). PC3 was more related to number of filled grains/panicle (0.771) and days to 50% heading (0.611). In PC4, the variables moderately and positively correlated were milling% with loading of 0.643, head rice% (0.582), grain yield/plant (0.552) and hulling% (0.548). PC5 was related to grain elongation % (0.548) and days to 50% heading (-0.530) .
Therefore, the distinguished traits that coupled in different principal components and sharing towards explaining the variance has the trend to remain together that to be considering during exploitation of these traits in rice breeding program. Four traits, viz., grain length, grain shape, plant height and amylose content% contributed highly positively to PC1. In PC1, grain length showed the heaviest positive weight. The traits with positive weight in PC2 were panicle exsertion% followed by gelatinization temperature and panicle length; therefor, this component measured by vegetative traits. The traits with highly positive weight in PC3 were number of filled grains/panicle (0.771) which is one of yield contributes in nature and followed by days to 50% heading (0.611) which is vegetative in nature. The traits with positive weight in PC4 were milling% followed by head rice%, grain yield/plant and hulling%. The above results suggested that such as in PC1, PC2, PC3 and PC4, each of the genotype contributes both vegetative and yield component traits and, in other cases, each genotype contributes only in one-side, either yield components or vegetative, as vegetative in PC2 and yield components in PC4.
The tool of PCA has an efficient application in choice of parental genotypes for different breeding objectives. The cumulative variance of 76.376% by the first five axes with eigenvalue of > 1.0 shows that the related traits which belong to the axes displayed great impact on the morphology of these genotypes, and could efficiently be used for choice among them. In general, the results are in agreement with those reported by Chakravorty et al., (2013) , Gana et al., (2013) and Sarwar et al., (2015) . 
